ABSTRACT: Karyotype analysis and male meiotic behavior in a bulbaceous plant Drimiopsis kirkii were studied. The somatic chromosomes in 2n=66 were ranged between 1.50 -9.72 µm in length. The karyotypic formula was 2n=66=30m+14sm+16st+6t. The haploid set of 33 chromosomes were counted in mitotic metaphase of pollen grains. Detailed meiotic analysis from PMCs to tetrad were carried out and most of the PMC underwent normal meiosis to form the microspore tetrad. However, 7.8 % PMC showed various meiotic abnormalities in form of univalent or bivalent laggards, late separation, anaphesic bridge, chromosome fragments etc.
Drimiopsis kirkii
Baker is an ornamental bulbaceous plant of the family Hyacinthaceae. Sexual reproduction is totally absent in D. kirkii even they flower normally. Leaves with a leathery texture and dark green mosaic decoration give fabulous ornamental beauty to this bulbaceous plant. According to previous reports the chromosome number of D. kirkii has varied as of 2n=60, 66, 68 (Mahalakshima and Sheriff 1970; Sharma 1970; Sen 1973a Sen , 1973b Vij et al. 1982) , but all of these reports are very ancient and only somatic chromosomes have been studied. Basic information about meiotic behavior along with a detailed karyotype of this plant is unavailable. Our findings on chromosome number of 2n=66 is matched with the reports of Sharma (1970) and Sen (1973a, b) , but these reports are mainly restricted to chromosome number records. Therefore, the present work was undertaken with the aim to perform the detailed karyotype analysis as well as to study the pollen mitosis and male meiotic behavior of this plant.
MATERIAL AND METHODS
The plants maintained inside the shade-net house of the campus of Ramakrishna Mission Vivekananda Centenary College was used for the present studies (Fig. 1A) . For somatic chromosome counts and karyotype analysis, actively growing healthy root tips were pretreated with a saturated solution of Þ-dichlorobenzene for 4.5 h at 16-18°C. Pre-treated materials were fixed in an ethanol/ acetic acid solution (3:1; v/v) for 24 h at 4°C. Then, fixed root tips were stained with 2.0 % aceto-orcein: 1 (N) HCl (9:1 v/v) mixture and then macerated and squashed in 45.0 % acetic acid. Karyotype analysis was based on at least five high-quality metaphase plates. The chromosomes were assorted into different categories on the basis of arm ratio following Levan et al. (1964) (m=1.0-1.7, sm=1.7-3.0, st=3.0-7.0 , and t=>7) and were classified into four categories on the basis of total length, A-C (A= 7.0-10.0 μm, B=4.0-7.0 μm and C=1.0-4.0 μm). For analysis of karyotype, the chromosomes were arranged in order of decreasing length. An ideogram was constructed by arranging the chromosomes in homologous pairs by order of their length and arm ratio. Mean length was calculated for each chromosome pair and these values were then used to calculate total chromatin length of each karyotype. All chromosome plates were observed in Leica DM750 microscope and individual chromosomes are measured with the help of "Leica application suite" software and photographed by the Leica DFC295 camera.
Mitotic or meiotic and pollen mitotic analysis, young flower buds (2.0-2.5 mm) were fixed in Carnoy"s fluid (chloroform, absolute ethanol and acetic acid at 6:3:1 ratio) for 24 h at 10-14°C. After overnight fixatioFn, buds were stored in 70 % ethanol at 4 °C. The anthers of appropriate size were squashed in 1.5 % aceto-carmine for the study of meiotic cell division.
RESULT AND DISCUSSION
All the somatic metaphase plates possessed a chromosome number of 2n=66 supporting the earlier studies (Sharma, 1970; Sen, 1973a Sen, , 1973b . In D. kirkii, other chromosome number like 2n=60 or 68 are also reported (Mahalakshima and Sheriff, 1970; Vij et al., 1982) , so we examine the haploid set of chromosome in gametophytic generation and our finding of 2n=66 was validated by n=33 chromosomes found in pollen grains (Fig. 1B, C) . According to centromeric position, all four types of chromosomes ("m"=metacentric, "sm"=sub metacentric, "st"=sub telocentric and "t"=telocentric) were present in D. kirkii with karyotypic formula 15m+7sm+8st+3t. Chromosome lengths vary from 1.50 µm to 9.72 µm and divided into three categories "A", "B", "C" (Table 1 ). The karyotype analysis revealed that there was no secondary constriction. Ideograms of the somatic chromosomes are depicted in Fig. 2 .
Meiosis is a key phase in the life cycle of all higher plants. During meiosis in plants, specialized reproductive cells undergo a single round of DNA replication followed by two rounds of chromosome division to produce haploid cells that then undergo further rounds of mitotic division to produce the microspores (Caryl et al. 2003) . All the various meiotic stages from leptotene to tetrad formation were studied (Fig. 3A-M) . In D. kirkii all the events of meiosis was normal in most of the PMCs, but some meiotic abnormalities has also been observed. A beaded structure of bivalent chromosomes and a clear nucleolus was observed on pachytene stage (Fig. 3C) . Thirty three bivalents with many chiasma are observed on diplotene stage (Fig. 3D) . Perfect chromosome pairing with 33 bivalents are observed at diakinesis (Fig. 3E) , which have migrated to an equatorial region and arranged together at metaphase-I (Fig. 3F, G) . Normal chromosomal segregation with 33:33 disjunctions was observed at anaphase-I (Fig. 3H) . As a result of anaphasic movement, each haploid set of chromosomes are reached at two opposite poles during telophase-I (Fig. 3I) . Through cytokinesis, a perfect diad with two distinct cells covered by a common wall was formed (Fig. 3J) , Each cell of diad undergoes second meiotic division, to form four haploid cells i.e. microspores. All the 33 chromosomes of each cell of the diad are arranged in the equatorial region at metaphase-II (Fig. 3K) . During anaphase-II all the individual chromatids are separate and move towards four opposite poles through anaphesic movement and ultimately reached on two opposite poles at telophase-II (Fig. 3L) . At the end (Fig. 3M) . However, in total 7.8 % meiotic abnormalities are observed during meiosis-I in the form of univalent laggards, bivalent laggards, chromosome fragments, anaphesic bridge ( Fig.  3N-Q) . Different type of abnormalities like irregular pairing or trivalent formation have been described in other species of Drimiopsis (i.e. D. barteri) to describe their sexual sterility (Oyewole 1984) . Interestingly, sexual reproduction is absent in Drimiopsis kirkii also even they flower normally, so our initial findings regarding meiotic studies may help researchers for further study on sterility of this plant.
